In this paper a cylindrical shell having a very stiff end plate or a flange is considered. It is assumed that near the end the cylinder contains an axial flaw which may be modeled as a part-through surface crack or a through crack. The primary objective is to study the effect of the end constraining on the stress intensity factor which is the main fracture mechanics parameter. The applied loads acting on the cylinder are assumed to be axisymmetric. Thus the crack problem under consideration is symmetric with respect to the plane of the crack and consequently only the mode I stress intensity factors are nonzero. With this limitation, the general perturbation problem for a cylinder with a built-in end containing an axial crack is considered. Reissner's shell theory is used to formulate the problem. The part-through crack problem is treated by using a line-spring model. In the case of a crack tip terminating at the fixed end it is shown that the integral equation of the shell problem has the same generalized Cauchy kernel as the corresponding plane stress elasticity problem. Even though the problem is formulated for a general surface crack profile and arbitrary crack surface tractions, the numerical results are obtained only for a semi-elliptic part-through axial crack located at the inside or outside surface of the cylinder and for internal pressure acting on the cylinder. The stress intensity factors are calculated and presented for a relatively wide range of dimensionless length parameters of the problem.
Introduction
In recent past, solutions of crack problems in shells proved to be quite useful in studying fatigue and fracture of such important structural components as pipes, pressurized containers, and a great variety of other thin-walled structural elements (see, for example, [1] for applications to the fatigue crack propagation of part-through cracks and to the estimation of net-ligament rupture loads in pipelines). The existing solutions which are based on either the classical shallow shell theory or a Reissner type transverse shear theory have all been given for "infinite" shells in the sense that the crack is assumed to be located sufficiently far away from the boundaries and all other sources of stress disturbance so that all interaction effects may be neglected. The differences between the asymptotic crack tip stress fields given by the classical theory and by a higher order theory have now been well-documented and will not be discussed in this paper (e.g., [2] ), except to note that, particularly in the presence of local bending, the transverse shear Theory appears to have clear advantages. The problems of a cylindrical shell with an axial crack, that with a circumferential crack, and a spherical shell with a meridional crack have respectively been considered in [3] , [4] and [5] by using Reissner's shell theory. The crack problem of toroidal shells with a positive or negative curvature ratio, including the effects of material orthotropy has been studied in [6] . The problem of an arbitrarily oriented crack in a cylindrical shell under general loading conditions is considered in [7] . The solutions given in [3]- [7] are all for a through crack.
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The problem of surface cracks in shells is inherently a three-dimensional elasticity problem and appears to be analytically intractable. There are, however, some numerical solutions based on the technique of finite elements [8] , [9] , or boundary integral equations [10] . Recently, there has also been some applications of the line spring model developed in [11] for plates to surface crack problems in shells (see [12] for the results obtained by the transverse shear and [13] by the classical shell theory). Comparison of the results given in [12] with the finite element solution given in [9] shows that one could obtain surprisingly good results for the stress intensity factors along the border of a part-through crack in a shell by using the line spring model with a higher order shell theory and with reasonably accurate compliance functions for the corresponding plane strain edge crack problem under membrane and bending loads.
The primary objective of this paper is to study the influence of a stiffened end on the stress intensity factors in a pressurized cylindrical shell containing an axial through or a part-through crack near the end. Such problems may arise in pipes and cylindrical containers having flanges or end plates, the bending and membrane stiffnesses of which are very high in comparison with those of the shell itself (e.g., heat exchanger tubing near the end plates). Thus, in formulating the problem it may be assumed that the end of the shell is "fixed", that is all components of the displacement and the rotation vectors are zero. The part-through crack problem is solved only for a semi-elliptic internal or external surface crack. However, the technique is quite general and can accommodate any crack profile within the confines of basic limitations of the line spring model. As in the corresponding plane elasticity problems, in the shell problem too the case of the crack tip touching the end stiffener requires special consideration with regard to the analysis of the crack tip singularity as well as to the method of solution.
The basic shell equations
Referring to Appendix A for normalized and dimensionless quantities and to [3]-[5] for details of derivations, in terms of a stress function ~, displacement component w and the auxiliary functions ~ and f~, the basic equilibrium equations of a cylindrical shell may be expressed as follows:
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The shell and crack dimensions and the notations are described in Fig. 1 
